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fore  word 


This  is  the  second  part  of  &  report  dealing  with  the  development 
and  application  of  edible  coatings  for  protection  of  dehydrated  food 
against  moisture,  oxygen*  attrition  through  mechanical  forces,  and 
surface  growth  of  mold.  The  first  part,  .fart  X,  is  directed 
primarily  toward  the  development,  of  edible  -coatings  and  their 
evaluation’ for  their  intended  purpose,  both  as  an  isolated  film 
and  as  a'  coating  on  representative  foods.  Fart  II  is  primarily 
concerned  with  commercially  feasible  procedures  for  the  application 
of  such  films  and  the  evaluation  of  films  as  applied  -to  represents-* 
tive  foods  maintained  under  severe  conditions  of  both  temperature 
and  humidity. 

This  investigation  was  performed  at  the  Research  Center  of  the 
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Edible  thermoplastic  ..coatings  were  applied  m  moisture- 
oxygen  barriers  to  dry  bars  representing  &  wide  range  of  food 
compositions .  k  hot-welt  curtain:  .coating  technique  appears 
commercially  feasible  for  all  foods  examined ;  however ,  coating 
m  applied  failed  to  withstand  storage  at  a  temperature  cyelin 
between  -IS  and  /  tyO°€*  . 


vili 


The  objective-  of  this  program  has  been  the  development  pf  edible,  coat ing 
materials  for,  dehydrated  foods  which,  provide  a  significant  degree  of  prq|eeti on 
against,. atmospheric  moisture ^ -oxidation  and' fragmentation..  , ,,A-.  T. 

This  .  report -represents  the  final  report  on  phase  IX.  of  a  two... year  .program.. 
Daring  phase  l,  a  series  of  edible  coatings  was  developed  and  tested.  It  was 
found  that  the  effectiveness  of  coatings  as  barriers  depended  on  the  continuity 
of  the  coating  as  well  as  the  conditions  of  storage.  The  continuation  of  this 
program  during  Phase  II  stressed  the  evaluation  of  commercially  feasible  tech¬ 
niques  for  the  application  of  edible  coatings  to  compressed  unit  servings  of 


a.  dry  orange  juice 
b*  dry  non-fat  mills 
c.  dry  cream  of  mushroom  soup 
do  margarine 
-•  @0  dry  mashed  potatoes 
-  f,  dry  applesauce 
go  freeze-dried  cottage  cheese 

h.  precooked  dehydrated  chicken  and  rice 

i.  precooked  dehydrated  beef  stew 

j.  'precooked  dehydrated  rice  pudding 

As  in  Phase  X,  edible  coatings  must  be  made  with  materials  which  comply 
with  PM  regulations;  coatings  should  yield- a  minimum  of  3*5  &g  calories  per 
gram;  coatings  should  contribute  no  objectionable  odors  or  flavor  nor  decrease 


should  not  exceed  16#  of  the  weight  of  the  coated  food  product* 

Coatings  are  tested  by  storage  at  40°C  and  at  a  cycled  temperature  range 
of  -18° C  to  40*C  for  3  months* 

Two  additional  studies  undertaken  in  phase  II  included  the  feasibility 
of  coating  foods  during  the  terminal  stage  of  freeze  drying  and  the  effect 
of  absorbed  gases  on  the  sensitivity  of  freeze  dried  foods  to  the  adverse 
effects  of  atmospheric  moisture  and  oxygen* 
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The  failure  of  coated  foods  stored  under  cycling  temperature  and  humidity 
conditions  is  attributed  to:  1)  structural  weakness  in  the  coating  at  edges, 
comers  and  centerline  of  the  bars  -  the  latter  being  caused  by  the  necessity 
of  coating  each  side  separately  with  the  available  equipment,  and  2)  the 
expansion  and  contraction  of  food  bars  under  cycled  temperature  and  humidity 
conditions,  leading  to  breakdown  in  the  structural  integrity  of  the  bars* 


EXPPOHER!PAL  METHODS 

Materials 
A.  Foods 


Dehydrated  foods  were  procured  as  shown  in  the  following  list: 

Food  Item 

Brand  Name  or  Source 

1. 

Dry  orange  Juice 

plant  industries*  Ine 

2, 

Non-fat  dry  milk 

"Carnation"  instant  non-fat  dry  milk 

.3- 

Cream  of  imshroom  soup 

"Knorr"  cream  of  mushroom  soup 

K 

Margarine 

"Blue  Bonnet" 

■5* 

Dry  mashed  potatoes 

"Pillshury"  mashed  potato  flakes 

6. 

Dry  applesauce 

Valley  Evaporating  Co 

7. 

F.B.  Cottage  cheese 

Freeze-dry  Products*  Inc 

8. 

Precooked  dehydrated-  chicken 

Canada  Freeze- dry  Foods*  Ltd 

% 

‘'Instant  Rice  (for  chicken  rice  har) 

"General  Foods"  instant  rice 

10. 

Precooked  dehydrated  heef  stew  - 

Armour  &  Co 

11. 

Dehydrated  chocolate  pudding 
(replacing  rice  pudding) 

"Royal"  Chocolate  Pudding 

12. 

Chicken  soup  mix  (for  chicken  &  rice 

har) 

"Lipton"  Chicken  Soup  Mix 

13. 

F.D.  Halved  strawberries 

Canada  Freeze  Dry  poods*  Ltd 

Ik. 

F.D.  l/8"  sliced  carrots 

Canada  Freeze  Dry  Foods*  Ltd 

Chemicals 

1. 

Ethyl  cellulose*  Std  Ethoxy*  Vis  50 

Dow  Chemical  Co 

2. 

Myvacet  5-00  (aeetylglyeeride 
monostearate) 

DPI 

3. 

Calcium  stearate 

American  cyanamid  Co 

4.  Beeswax  "Beehive  Brand"  Will  &  Baumer 

Candle  Go*  Inc 
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Host  foods  wore  compressed  with  the  aid  of  chi#  of  the  followin 
binders! 


47.1%  shortening  (Weeobee  3  ©rew  Chemical  Co) 


.33*7%  dextrin  (National  Starch) 

100  g  ©£  ingredient  mix  were  emulsified  in  1.000  ce  water 
and  the  mixture  was  freeze  dried .  The  dried  product  was 
ground  to  pass  a  ©BBS  #60  sieve, 

Evans  Research  Binder  (F0-14*  final  report  contract  DA19-129* 


100  g  of  ingredient  mix  were  dissolved  in  700  cc  water  and 
the  mixture  was  freeze-dried.  The  dried  product  was 
ground  through  i  ISBS  #60  sieve. 


Binders  were  added  at  15® 20%  by  weight  of  the  food  product  to  be 
compressed*  The  ingredients  for  each  product  were  blended 


mixer.  tJhit  servings  were  weighed  and  transferred  to  a  3*0"  *  1*5"  stainless 
steel  compression  mold.  Blocks  were  molded  with  the  aid  of  a  Carver  press 
according  to  conditions  summarized  in  Table  I*  Formulation  of  food  blocks 
was  as  follows; 

Mashed  Potatoes 

Dehydrated  Potato  Flakes  (pillsbury) 

Salt  .  . 

"White  Pepper 
Shortening  (weeobee  S) 

Non-fat  Dry  Milk 


Chicken  and  Bice 

57.2  g  Freeze-dried  Cooked  Chicken  l/h"  dice 
5,8  g  Lipton’s  Chicken  Soup  Mix 
37.O  g  Minute  Rice  (general  Foods) 

100.0  g 
Beef  Stew 

35  oz  Freeze- Dried  Vegetables '  with  Gravy  Mix 

12.  oz  Freeze-Dried  Precooked  Beef  Cuts  and  Snap  Beans 

&7  oz 


Films  of  various  compositions  were  prepared  by  several  laboratory  pro¬ 
cedures  for  evaluation  of  characteristics. 

1.  Casting  from  solvents 

The  ingredients  of  the  composition  were  dispersed  in  solvent  with  stirring 
and  application  of  heat.  An  aliquot  of  the  dispersed  mixture  is  placed  at  one 


100.0  g 
5*0  g 
0.5  g 

8.0  g 

5°Q  g 
ilk.©  g 
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end  of  a  22  "  x  12"  plexiglass  plate  and  an  adjustable  draw  bar  is  used  to 
draw  a  film.  Solvent  is  removed  by  a  current  of  warm  air  directed  at  the 
plate  and  . the.  dry  film  is  peeled  from  the  Plexiglass  plate# 

2.  Formation  of  Films  From  Hot  Melts 

Two  methods  were  used  to  make  films  from  hot  melts:  a)  films  were  drawn 
on  a  chrome  plate  with  a  draw  bar;;  b)  hot1  melts  were  pressed  to  desired  thick¬ 
ness  between  chrome  plates  with  a  .heated  press* 

The -hot  melts  used  in  this  study  as  in  Phase  -I,  consisted  of  ethyl- 
cellulose  aeetylated  glycerides  and  plasticisers.  The  acetylated  monoglyceride 
is  melted  first  on  a  silicone  oil  bath.  Ethyl  cellulose  and  plasticizers  are 
added  to  the  melt  and  the  bath  temperature  is  increased  to  300°F.  The  melt 
is  mixed  continuously  to  prevent  scorching.  The  draw  bar  is  heated  to  275®F 
and  an  aliquot  of  the  molten  mixture  is  poured  on  a  heated  chrome  plate.  The 
chrome  plate  is  set  ©n  a  vacuum  platen  to  keep  the  chrome  plate  stationary 
while  the  film  is  being  drawn.  The  drawn  film  is  allowed  to  cool  before  being 
peeled  from  the  plate. 

Pressed  films  were  mad®  om  a  hydraulic  press  equipped  with  steam  heated 
platens.  The  platens  are  heated  to  250®F  and  a  small  amount  of  hot  melt  is 
placed  between  chrome  ferrotype  plates.'  The  plates  are  pressed  for  3  minutes 
at  a  pressure  of  2000  psi.  The  pressure  is  released  and  the  plates  are  cooled 
before  the  film  is  peeled  off . 

Better  control  of  film  thickness  was  obtained  with  the  heated  press  than 
could  be  obtained  by  drawing  films  with  a  heated  bar. 

3.  Sprayed ,  Coatings 

Protein  coatings  were  applied  to  moisture-barrier  films  by  spraying. 
Aqueous ,  dispersions  ©f  sodium  caseinate  were  sprayed  with  a  DeVilMs  type  MBC 
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Sodium  caseinate  and  glycerol  plasticizer  were  dispersed  in  water  by 
means  of  an  Osterizer  blender .  fhe  dispersion  was  meuum  deaerated  and 
filtered  through  glass  wool  t©  remote  air  bubbles  and  undispersed  material 


Food  bars  to  be  spray  coated  were  set ,  on  rubber  stoppers  and  placed  on  a 
slowly  rotating  turntable.  The  tops  and  sides  of  bars  were  sprayed  and  dried 
in  a  forced  air  oven  at  35#C?  for  approximately  10  minutes.  The  bars  were 


visually  inspected  for  film  continuity  by  difference  in  sheen  between  the 
protein  coating  {  fu#toi3§;)  and  the  moisture  barrier  (dull)* 

Application  of  Coatings  to  Foods  by  Commercial  Methods 
1.  The  Wurster  Fluidized  Bed  Coating  Process 

ihe  wurster  process  was  developed  by  the  Wisconsin  Alumni  Research 
Foundation'  for  coating  pharmaceutical  tablets.  5ffee  Wtarster  process  is  a 
hatch  process  whose  size  depends  ©n.  the  diameter  of  the  bed  or  column.  Columns 
from  6  to  18  inches  in  diameter  are  available .  Coating  material  is  dissolved 
in  an  appropriate  solvent  such  as  chloroform*  methylene  or  ethylene  chloride* 
and  sprayed  on  particles  suspended  la  the'  column  by  an ’Upward  stream  of  hot  air.. 

Freeze-dried  half  strawberries  were  coated  with  ethyl  cellulose  -  assy  lose 
Isurafe*  and  with  ethyl  cellulose  -  lyvoset  5-00  «  calcium  stearate  compositions 
dissolved  in  chloroform.  Between  15  and  3©}t  coating  based  on  the  weight  of 
strawberries  was  applied  in  5*6.  to  X4.5  minutes..  The  size  of  freeze-dried 


CJ£, 

The  Eastman  Chemical  Company  has  developed  a  coating  machine  designed 
to  extrude  a  curtain  of  melted  thermoplastic  coating  material*  The  thermo¬ 
plastic  curtain,  is  passed  over  a  stationary,  perforated  vacuum  platen  on 
•which  lay  the  products  to  he  coated*  The  .curtain  is  drawn  around  the 
edges  of  the.  product  by  means  of  the  vacuum  and  forms  a  skin  tight  coating. 
The  thickness  of  the  curtain,  and  of  the  resulting  coating,  is  controlled 


the  traversing  curtain.  All  parts  of  the  machine,  except  the  vacuum  platen, 
are  mounted  on  rollers  which  allow  the  curtain  to  move  across  the  sfcftCi.onary1 
samples.  The  amount  of  vacuum  drawn  thrmigh  the  perforated  platen  is  con¬ 
trolled  by  a  valve.  The  operating  machine  is  shown  in  Figure  1. 

Fifteen  pounds  of  ethyl  cellulose,  Myvoeet  5^0®  and  calcium  stearate 
in  a  ratio  ©f  37:^8:15,  respectively,  was  prepared  as  follows?  I^rvoeet 
5-00  was  melted  in  a  Hobart  mixing  howl.,  and  the  ethyl  cellulose  added 
gradually  to  obtain  a  putty- like  mix,.  The  blend  was  placed  in  the  reservoir 
and  the  heaters  set  at  300® P.  After  melting,  the  pump  was  turned  on.  to 


melted  and  the  curtain  was  free  from  lumps  or  breaks,  calcium  stearate 


Film  thickness  was  tested  by  passing  the  extrusion  bead  over  a 
cardboard  of  known  thickness  and  measuring  the  increase  in  thickness. 

Food  bars  were  placed  in  rows  on  the  perforated  platen  approximately 
2,0”  apart.  Moderate  vacuum  was  applied  to  the  platen  and  the  machine 
was  passed  over  the  bars  a  single  time,  The  film  was  allowed  to  cool 
for  several  minutes  before  each  bar  was  cut  along  its  edges  to  separate 
it  from  the  platen.  Excess  film  was  peeled  off  of  the  platen  and  returned 
to  the  heated  reservoirs,  The  food  bars  were  turned  over  and  the  second 
side  was  coated,  She  coating  was  allowed  to  harden  at  room  temperature 
before  rough  edges  of  the  bars  were  trimmed.  Sodium  caseinate  dispersions 
were  applied  to  food  bars  by  spraying, 

B»  The  "Biqulfilm”  Coating  Machine 

Crompton  &  Knowles  0orp<,  packaging  Machinery  Division,,  has  developed 
a  machine  for  the  application  of  hot-melt  films  by  a  combination  of  spraying 
and  curtain  coating,  A  high  speed  chain  conveyor  carrying  food  bars  through 
the  melted  coating  reportedly  permits  cample te  coating  in  a  single  pass, 

A  laboratory  scale  "Liquifilm”  unit  was  used  at  Crompton  &  Khowles 
research  facility  in  Bellwood,  Illinois,  Trials  on  this  machine  were  un- 
successful  because  of  difficulties  in  controlling  film  thickness  and  hot* 

■'  '  •  '  L 

melt  temperature*  which  resulted  in  degradation  of  coating  material. 

3*  Fusion  of  Powdered  Coatings  During  The  Terminal  Phase  of  Freeze  Baying 
Four  coatings  evaluated  during  Phase  I  exhibited  good  moisture  barrier 
characteristics.  These  coatings  include; 

1)  Ethylcellulose-aeet ©glyceride  Composition 

58.8$  Myvaeet  5-00 
5*9#  Brewpol  6-2-s 
5*9#  Brewpol  6-2-0 
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2)  Myvocet  5-00 

3)  Sxmb leached  'White  beeswax 

4)  Confect ionary  hard  butter  (Wecobee  S) 

All  coatings  were  frozen  in  dry  ice  and  ground  to  pass  a  BSBS  #16  sieve* 

Lean  beef  round  was  cut  into  l/2  x  3 A  x  3A"  pieces  and  coated  with  1.0  g 
of  powdered  coating  per  piece.  Samples  were  freeze-dried  in  a  Repp  Sublimator 
Model  ik  freeze  drier  to  less  than  3$  moisture*  Shelf  temperature  was  adjusted 
to  175“200®F  during  the  final  hour  of  drying.  This  temperature  range  is  higher 
than  the  melting  points  of  all  coatings  except  the  ethylcellulose-acetoglyceride 
composition*  After  the  coatings  had  fused*  the  shelf  temperature  was  lowered 
to  normal  ambient  temperature  before  breaking  the  vacuum.  This  cooling  time 
was  required  to- prevent  the  soft  coatings  from  being  drawn  into  the  porous 
meat  chunks.  Coated  pieces  were  transferred  to  a  desiccator  and  held  for 
storage  and  analysis. 

4.  Coating  by  Dipping  in  Dispersions  and  in  Hot  Melts 

Exploratory  work  on  coating  food  bars  by  dipping  in  toluene  dispersions 
of  amylase  laurate  and  ethyl  cellulose  was  carried  out.  Food  bars  were  dipped 
briefly  in  the  fluid  coating  mixture  at  room  temperature ,  then  dried  in  a 
stream  of  warm  air. 

Dip  coating  with  a  melt  of  etfeyice Xlulose-Myvacet  5 -00- calcium  stearate 
was  carried  out  at  a  melt  temperature  of  275“3®0°F. 

5.  Coating  of  Margarine  by  Dipping  in  Hot,  Melts 

Frozen  margarine  shaped  in  balls  was,  dipped  in  hot  melts  of  Myvacet  5-00, 
sodium  caseinate,  and  beeswax  and  left  at  room  temperature  until  the  coating 
hardened.  Wooden  applicators  were  used  to  hold  the  margarine  balls.  After 
the  coating  hardened  the  applicators  were  removed  and  bare  spots  on  margarine 
balls  were  touched  with  melted  coating,. 
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r©p@rtei  in  Phase  1  ©f  this  study.  This  is  a  modified  WT  earn 
analysis  where  the  film  is  exposed  t©  a  relative  humidity  different 


Oxygen 


Permeability 


in  the  ©ells  between  neoprene  gaskets  which  prevented  leakage  at  gas 


of  the  determination. 


Gas  analyses  were  carried  out  on  a  dual  column*  dual  detector  Fischer 
Model  25?  gas  Fartitioner. 


Operating  conditions  were: 


Carrier  gas -rate 


Sensitivity 
Retention  fime 


1  ml 

75  °F 

Helium  at  80  cc/min 
5  m,  Sargent  Strip  Chart 
10  u  1  Og  at  7  ma 
02  71  sec*  Hg  97  sec 


Permeability  of  films  was  determined  from  the  formula  p  =  IXC/tp  where 

P  is  per®Bd)ility  constant  expressed  in  units  of  CQ  X  mils  ;  y  is  the 

nrXatm  X  day 

cell  constant  calculated  as  the  ratio  of  cell  volume  to  film  area;  X  is  film 
thickness,  in  mils;  C  is  the  volumetric  concentration  of  oxygen  in  the  sasple 
t  is  time  in  days;  and  p  is  the  partial  pressure  differential*  in  atmospheres* 
of  oxygen  across  the  film. 

6.  Equilibrium  Relative.  Humidity 


ERE-  was  determined  as  described  in  Technical  Report  FB-9*  Contract  lo 
MX9~X29~MC-U(l)>  with  the  following  modifications;  one  quart  jars  with 
#12  rubber  stoppers  were  used  in.  place  of  Mason  jars;  polyethylene  cylinders 
approximately  X-l/8”  ID  and  1"  long  were  suspended  in  the  jars  by  means  of 
nylon  thread.  Samples  were  placed  in  the  polyethylene  cylinders  and  their 
change  in  weight  determined  as  a  function  of  time. 
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Constant  R.  H.  conditions  were  obtained  through  the  use  of  the  following 
solutions : 


HgSO^  sp.g.  1.53 

10#  R  H 

Saturated  KagCrO^. 

50 

Saturated  HaCl 

75 

Saturated  CaSO^ 

9856 

R  S  was  determined  by  means  of  a  Minneapolis  Honeywell  w6llA  relative 
humidity  indicator.  Tests  were  run  at  73°  and  105-fP* 

7*  Moisture  Analysis 

The  moisture  content  of  coated  and  uneoated  foods  was  determined  by  vacuum 

oven  at  60°C  and  l8H  vacuum.  The  moisture  content  of  films  and  coatings  was 

2) 

determined  hy  the  Karl  Fischer  titration  method 

2)  Fischer,  K,  Angew  Chem  48,  394-6  (1937) 

8.  Peroxide  Value 

The  degree  of  fat  oxidation  was  determined  /by  the  iodometric  method  for 

o\ 

peroxide  value  described  by  Privett  et 

9.  Total  Carbonyl 

Carbonyl  compounds  developed  during  the  storage  of  coated  food  bars  were 
\  ,>  :  ■  ,  ■  (  ■  * 
determined  by  the  Shell  Development  Co  method  described  in  Ehieryviile  Method 

!  ;  i  ;  . .  : 

Series  MJ  3038/64. 

Traces  of  carbonyl  compounds  in  extracted  fat  were  measured  spectrophoto- 
metrically  by  treating  a  sample  with  an  alcoholic  solution  of  2,  4-dinitro- 
phenylhydrazine  and  hydrochloric  acid.  Formed  hydrozones  were  converted  to 
red-colored  compounds  by  treating  with  caustic  solution.  The  amount  of  car¬ 
bonyl  compounds  present  in  a  sample  was  determined  from  a  standard  curve  and 
expressed  as  $  on  a  weight  basis. 

3)  Privett  et  al,  JA0CS,  jD,  17-21  (1953) 
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10.  Organoleptic  Evaluation 

Food  bars  -were  evaluated  organoleptically  after  coating.  Flavor  and 
color  were  the  significant  characteristics  that  were  evaluated.  Recipes 
for  evaluating  products  were  obtained  from  Technical  Documentary  Report  No 
AMRL-TDR-6^-38,  pp  21-26  (196*0  (Table  2) . 

11*  Film  Thickness 

A  general  Electric  thickness  gauge  Type  B  was  used  to  measure  film  and 
coating  thickness. 

12*  Continuity  of  Coatings 

The  continuity  of  thermoplastic  coatings  fused  onto  freeze  dried  meats 
during  the  freeze  drying  cycle  was  determined  by  means  of  a  staining  technique. 
Cooked  and  uncooked  cubes  of  meat  were  sprayed  with  a  0.1$  (w/v)  solution  of 
fluorescein  before  depositing  the  powdered  thermoplastic  coating  materials, 

,  ,  ■  >  j  ■ 

as  described  above.  The  coated  freeze-dried  meat  was  placed  on  the  stage  of 
a  Bauseh  and  Lamb  3  dimensional  binocular  microscope  and  illuminated  with  ultra 
violet  light  at  3660° A.  IJtocoated  areas  of  the  sample  fluoresced  while  coated 
areas  appeared  dull  gray  in  color. 

Storage  Conditions 
X.  to°C  and  78#  t  7#  KH 

Coated  food  bars  were  stored  in  a  constant  temperature  box  maintained  at 
40;°C  (104°f).  Relative  humidity  was  maintained  at  48  t  7$  by  means  of  83$ 
propylene  glycol  in  water.  Food  bars  were  placed  on  a  screen  that  had  been 
covered  with  cheese  cloth.  Six  to  9  blocks  of  each  product  were  placed  in 
storage  and  2-3  blocks  removed  at  each  evaluation  period. 
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2.  cycling  Temperatures  of  0°F  to  X04°F» 

A  Tenney  Model  T3012FR  environmental  Chamber  equipped  :v&th  a  Bristol  series 
500  temperature  programmer  was  used  for  cycling ,  storage  conditions.  Cams,, 
were  cut  to  provide  2-2^  hour  periods  at  0°F  separated  by  two  periods  at  104°F 
for  2k  hours  and  6k  hours  respectively.  Eight  hours  were  required  to  obtain 
equilibrium  at  each  new  condition.  Relative  at  104°F  and 

increased  to  85$  as  the  temperature  fell  towards  the  freezing  point.  Below 
0°C,  the  relative  humidity  approached  100$. 


Weighed  samples  of  freeze-dried  diced  chicken  were  dtried  under  vacuum  to 
constant  weight.  The  drying  chamber  Was  sealed  off  from  the  vacuum  pump  and 
hydrogen  chloride  gas  (Matheson)  was  bled  in  to  obtain  a  partial  pressure  of 
200  mm.  As  the  EC1  gas  was  absorbed,  more  gas  was  admitted  to  maintain  the 
200  mm  partial  pressure.  Absorption  was  complete  within  one  hour.  The  vacuum 
was  then  released  and  the  flask  and  sample  reweighed  to  determine  the  amount 
of  absorbed  gas.  It  was  assumed  that  when  the  partial  pressure  of  the  gas  in 
the  flask  remained  constant 9  an  equilibrium  was  reached  between  the  free  gas 
in  the  flask  and  the  gas  that  had  been  absorbed  by  the  sample. .  /) 

GgssecJ  samples  and  controls  were  exposed  to  atmospheric  conditions  (77° , 

50$  Hi)  and  their  rates  of  moisture  uptake  were  determined. 

The  above  procedure  was  also  used  with  Freon  C-3X8  (perfluorocyclobutone) . 
Equilibration  with  Freon  C-318  required  only  5  minutes  compared  to  one  hour 
for  HC1  gas. 
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RESULTS  AND  DISCUSSION 

Properties  of  Moisture  Barrier  Films ; 

It  was  concluded,  from  phase  I  that  hot  melt  compositions  "based  on  ethyl- 
cellulose  and  aeetylated  monoglycerides  performed  well  as  moisture  harriers 
and  as  protection  against  fragmentation*  The  composition  developed  in  Phase  I 
contained  polyglycerol  esters  as  plasticizers.  Polyglycerol  esters  proved  to 
he  unstable  at  temperatures  required  to  form  and  to  apply  the  hot  melt  and 
they  were  replaced  with  calcium  stearate  which  functions  as  a  plasticizer, 
reduces  tackiness  and  increases  thermal  stability  of  the  hot  melt. 

Various  ratios  of  calcium  stearate,  ethylcellulose  and  aeetylated  mono¬ 
glycerides  were  evaluated  for  compatibility  and  performance  (Table  3)*  Films 
composed  of  ethylcellulose  and  amylose  laurate  were  also  evaluated  (Table  3)* 
Solvent -east  films  composed  of  ethylcellulose,  aeetylated  monoglyceride  and 
calcium  stearate  did  not  change  appreciably  in  tensile  strength,  elongation 
or  moisture  transmission  as  the  ratios  of  the,  films  '  components  were  changed. 

A  hot  pressed  film  containing  37$  ethylcellulose,  h&f0  Myvoeet  5 “00  and 
1 5$  calcium  stearate  exhibited  the  lowest  moisture  vapor  transmission  and  this 
composition  was  used  in  coating  food  bars.  The  lower  moisture  vapor  transmission 
obtained  with  the  latter  film  is  attributed  mainly  to  the  greater  film  thickness. 

Films  composed  of  ethylcellulose  plus  amylose  laurate  were  also  cast  from 
solvent.  Efforts  to  prepare  these  films  from  hot  melts  were  not  successful 
because,  of  the  poor  heat  conductivity  and  lack  of  plasticity  of  this  coating 
composition.  The  moisture  vapor  transmission  of  solvent-cast  films  did  not 
change  when  the  ratio  of  amylose  laurate  to  ethylcellulose  was  increased 
(Table  3)*  These  films  exhibit  much  higher  tensile  strength  and  elongations 
than  do  the  ethylcellulose,  aeetylated  monoglyeeride  compositions. 
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Properties  of  Oxygen  Barrier  Films 

Studies  carried  out  in  Phase ■ X  indicated  that  sodium  soy  proteinate 
•  films  were  effective  oxygen  barriers.  Sodium  caseinate  films  are  also 
effective  and  are  more  easily  prepared.  In  the  present  study  sodium  caseinate 
was  dispersed  in  water  with  agitation  and  bubbles  were  removed  by  vacuum  de¬ 
aeration,  . 

Sodium  caseinate  films  were  plasticised  with  glycerol.  Films  were  pre¬ 
pared  from  dispersions  containing  15$  sodium  caseinate  and  1*25  to  5$  glycerol, 
based  on  the  weight  of  water.  The  characteristics  of  these  films  are  given  in  . 

■  i 

Table  Splitting  was  frequently  encountered  in  films  which  contained  the 
lower  level  of  plasticiser  (1.25$),  Films  prepared  with  5$  glycerol  and  1*9  mils 
in  thickness  were  completely  permeable  to  oxygen  after  reaching  equilibrium  in 
250  hours  (Fig  2).  Beereasing  the  glycerol  level  to  2,5$  significantly  reduced 
the  permeability  of  sodium  caseinate  film  to  oxygen  (Fig  2,  Table  k)* 

The  addition  of  gelatin  to  dispersions  of  sodium,  caseinate  did  not  result 
in' improvement  in  oxygen  barrier  characteristic  over  films  prepared  with -sodium 
caseinate  alone. (Table  h). 

It.  is  evident  that  glycerol  retards  moisture  evaporation  from  the  film, 
thereby  maintaining  film  continuity.  The  oxygen  and  nitrogen  gases  used  in 
the  oxygen  permeability  test  were  not  humidified  before  being  passed  into  the 
test  cells,.  The  continuous  flow  of  dry  gas  across  the  film  surface '  probably 
had  a  drying  effect  which  accelerated  film  failure  by  cracking.  4. 

Equilibrium  relative  humidity  data  on  sodium  caseinate  films  is  given  in 
Table  5  and  Figure  3*  Sodium  caseinate  film  containing  7»f>7$  moisture  and  4.^*$ 
glycerol  reached  equilibrium  after  22  hours  at  50$  and  75$  B,H.,  23°C»  Film 
equilibrated  at  98$  R.HV developed  mold  growth  after  9^  hours.  No  cracking 
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was  observed  in  sodium  caseinate  films  equilibrated  at  50$  or  75$  R*H. 

Based  on  the  above  data,  aqueous  dispersions  containing  15$  sodium  caseinate 
and  2.5$  glycerol  were  used  to  coat  food  bars  that  had  been  previously  coated 
with  a  moisture  barrier. 

The  oxygen  permeability  of  the  moisture  barrier  film  applied  by  curtain 
coating  is  shown  in  Figure  k  and  Table  4.  The  ethylcellulose ,  acetylated 
monoglyceride,  calcium  stearate  composition  itself  cannot  be  considered  an 
effective  oxygen  barrier.  The  latter  composition  is  somewhat  more  effective 
than  mixtures  of  ethyleellulose  plus  amylose  laurate,  and  ethylcellulose  plus 
calcium  stearate,  whose  permeabilities  are  shown  in  Figure  5* 


20 


and  Compacted  Foods 


1,  Fluidized  Bed  Coating 

Trials  with  the-  Wurster  fluidized  "bed  coating  process  pointed  out  several 


disadvantages  of  this  coating  techniques 

a,  xt  is  moii  applicable  to  pieces  having  curved,  smooth  surfaces,  *  such 
as  peas  and  beans,  that  do.  not  stack  and  are  easily,  separated. 

b.  .  Fragile  freeze  dried  foods  are  readily,  fragmented  by  attrition  in 
the  fluidized  bed..  Strawberry  seeds  were  abraded  off  of  freeze-dried, 
strawberry  halves  and  in  turn  increased 'the  degree  of  attrition. - 

e.  Coatings  are  applied  in: a  solvent .  in  the  Wurster  process.  The  porosity 
of  most  freeze-dried  foods  enables  the  coating  to  be  drawn  to  the  interior 
of  food  particles,  increasing  the  ratio  of  coating  to  food  and  interfering 


d.  Solvent  which  penetrates  into  porous  freeze-dried  foods  is  difficult 
to  remove.  These  solvents  can  cause  redistribution  of  lipids  in  freeze— 
dried  meats,  thereby  increasing  their  susceptibility  to  oxidation. 

e.  The  coating  thickness  is  difficult  to  control  on  rough,  porous 
surfaces  of  freeze-dried  foods. 

In  spite  of  the  above  objections,  continued  research  on  the  fluidized  bed 
coating  technique  is  warranted  if  coated  discreet  food  particles  are  desired. 
Future  research  in  this  area  should  seek  to  eliminate  solvent -dispersed  coat  lx 
Low  melting  thermoplastic  materials  may  be  applicable  to  the  fluidized  bed 


required  to  adapt  existing  equipment  to  tMs  application.  Curtain  coating 
is  more  readily  adaptable  to  food  bars,  such  as  those  used  in  the  present 
study,  than  to  small  pieces  of  freeze-dried  food. 

Control  of  film  thickness  was  not  precise  in  the  "Eastoflaw"  process 
because  of  variation  in  the  hot  melt  flow.  Film  thickness  ranged  from  5«0 
to  15.0  mils.  Thickness  was  controlled  by  the  width  of  the  slit  in  the  ex¬ 
trusion  head  and  the  curtain  speed. 

Improved  thermoplastic  compositions  are  needed  to  extend  the  pot  life  of 
the  coating  material.  The  stability  of  the  recirculating  hot  melt  can  be 
extended  by  coating  in  an  inert  atmosphere.  The  East  of  low  machine  would  re¬ 
quire  modification  to  allow  operation  in  a  nitrogen  atmosphere.  A  picture  of 
the  Eastoflow  machine  is  shown  in  Figure  1.  Modification  of  the  Eastoflow 
machine  would  also  be  needed  to  allow  coating  of  both  sides  of  a  food  bar  at 
a  single  pass. 

Factors  observed  to  be  important  in  coating  food  bars  by  the  Eastoflow 
process  include  the  height  of  the  food  bar  (distance  from  the  top  surface  of 
the  bar  to  the  vacuum  platen),  the  distance  between  the  bars,  and  the  level 

of  vacuum  drawn  through  the  platen.  Thicker  food  bars  were  more  difficult  to 

/  _ 

coat  than  were  thinner  bars.  Sufficient  distance  between  bars  is  required  to 
permit  the  vacuum  to  pull  the  curtain  tightly  around  the  bars.  The  need  for 
sufficient  vacuum  to  allow  molding  of  the  film  to  the  bar  must  be  balanced 
against  excessive  stretching  of  the  film,  particularly  at  the  edges  and  corners 
of  food  bars. 

The  presence  of  air  bubbles  in  the  hot  melt  interferes  with  the  continuity 
and  smoothness  of  the  coating.  The  Eastoflow  machine  is  desired  to  prevent 
the .  occurrence  of  air  bubbles  in  the  film. 
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The  hot  melt  temperature  ms  controlled  at  3Q0°F  for  best  f lowability 
with  the  ethylcellulose-acetylated  monoglyeeride-ealeium  stearate  coating  ' 
composition*  This  high  temperature  resulted  in  degradation  of  calcium  stearate 
over  a  period  of  3  hours .  She  film  color*  Initially  light  tan*'  gradually 
turned  brown. 

Continuous  coatings  were  obtained  on  most'  compressed  food  bars*  High 
'protein  bars  including ' non-fat  dry  milk  and  freeze-dried  cottage  cheese  were 
more  difficult  to  coat.  Splitting  was  encountered  at  the  edges  of  these  bars 
after  they  had  been  sprayed  with  sodium  caseinate  dispersions*  Apparently* 
the  thermoplastic  coatings  do  not  adhere  well  to  highly  polar  protein  foods 
and  a  good  bond  between  coating  and  food  surface  was  not  obtained* 

3»  Dip  Coating 

Coating  freeze-dried  foods  by  dipping  in  hot  melts  or  solvent -thinned 
coatings  has  serious  disadvantages.  Only  exploratory  experiments  were  carried 
out  to  establish  the  feasibility  of  these  techniques*  Dried  food  bars  that 
were  dip -coated  in  a  solvent  thinned  dispersion  of  ethylcellulose*  aeetyl&ted 
monoglyceride  and  calcium  stearate  required  2k  hours  in  a  warm  air  stream  to 
reduce  the  solvent  t©  a  level  that  could  not  be  detected  olfactori ly*  Coating 
food  bars  by  dipping,  in  hot  melts  was  not  successful  because  -of  the  high  vis-  - 
eosity  of  the  coating  material.  Film  thickness  and  uniformity  could  not  be 
controlled.  Dip  coating  is  analogous  to  enrobing.  Enrobing  requires  coatings 
with  low  melting  points.  This  type  .of  coating  operation  is  feasible  with  gly¬ 
cerides  but  not  with  cellulosic  materials  which  exhibit  high  softening  points 
and  high  viscosity. 
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k.  Coating  of  Margarine 

The  coating  of  margarine  was  considered  separately  from  the  coating  of 
food  bars  because  of  the  special  properties  of  margarine.  A  margarine  coating 


must  have  sufficient  structural  strength  to  withstand  the  internal  pressure 


that  develops  when  the  melting  point  of  margarine  is  exceeded.  Oxygen  barrier 
protection  is  also  required. 


Spray  application  of  sodium  caseinate  film  on  margarine  was  not  feasible 
because  of  the  poor  spreadabiHty  of  aqueous  dispersions  on  fat.  Use  of  a 
surfactant  (polyoxyethylene  20  monostearate,  Tween  60)  at  a  level  of  0.1$  in 
a  sodium  caseinate  dispersion  did  not  improve  its  spreadability  or  adhesion  to 
margarine . 

Coatings  prepared  from  mixtures  of  acetylated  monoglyceride,  sodium 
caseinate,  and  beeswax  on  hard  coating  butter  were  prepared  as  follows: 


Preparation 

Properties 

Myvocet  ■  5-00 

275  g 

Melt  Myvocet, 

Smooth  paste 

Sodium  caseinate 

180 

blend  in 

solidifies  at 

Beeswax 

caseinate, 
add  beeswax 

room  temp 

Myvocet  5-00 

250 

and  continue 

Fast  setting 

Sodium  caseinate 

125 

heating  and  mixing 

at  room  temp. 

Beeswax 

75 

to  form  a  paste 

Hard  coating 

Myvocet  5: -00 

325 

Melt  Myvocet, 

Slower  in 

Sodium  caseinate 

200 

suspend  some  caseinate 

hardening  than 

Glycerol 

in -glycerol  and  remainder  other,  coatings 

in  Myvocet,  mix  at  high 

speed 

Myvocet  5-00 

200 

Melt  Myvocet, 

Slow  in 

Sodium  caseinate 

125 

disperse  caseinate. 

hardening 

Glycowax  s-932 

50 

add  Glycowax 

Coatings  prepared  from  the  above  mixtures  were  applied  to  frozen  slices 
or  balls  of  margarine.  Margarine  balls  and  slices  averaged  25  g.  Frozen 
pieces  ©f  margarine  were  held  on  applicator  sticks  and  dipped  into  the  hot 
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melt,  coatings.  Margarine  balls  coated  with  the  composition  containing  325 
parts  Myroeet  5-00*  200  parts  sodium  caseinate  and  20  parts  glycerol  withstood 
2h  hours  of  storage  at  3T°0j>  hut  cracked  within  6  hours  at  to°C.  Samples 
stored  at  3©®  did  not  show  any’  leakage  over  a  period  of  two  weeks. 

Cracking  of  coated  margarine  slices  occurred  at  edges  and  comers  where 
the  coating  was  thinner.  In  margarine  balls*  cracking  occurred  on  the  bottom 
.surface  where  flattening  occurred  following  storage  at  elevated  temperatures. 

It  is  believed  that  the  internal  pressure  of  coated  balls  and  slices  of  mar¬ 
garine  increases  when  the  margarine  melts  and  releases  gas  that  had  been  en¬ 
trapped  in  the  .emulsion.'  The' mechanical  strength  of  the  coating  is  probably 
further  weakened  by  migration  .of  fat  into  the  coating. 

Pharmaceutical  grade  gelatin  capsules  were  evaluated  as  a  means  of  pack¬ 
aging  margarine ;  Size  #10  capsules  averaged  20  ec  in  volume  and  ^.1  g  in 
weight.  Capsules  that  were  filled  with  margarine  and  sealed  with  melted  beeswax 
leaked  when  stored  at  ^-Q®0. 

Quarter  pound  bars  of  margarine  were  coated  with  ethyleellulose*  acetylated 
monoglyceride  and  calcium  stearate  hot-melt  mixture  with  the  aid  of  the  Eastoflow 
curtain  coating  machine.  The  bars  were  not  frozen  prior  to  coating  and  some 
©iliag-off  occurred.  Of  two  bars  coated  by  this  technique*  one  remained  intact 
at  40°C  for  one  week*  but  exhibited  era  eking  after  8  days  at  this  temperature. 

The  appearance  of  these  samples  was  undesirable  because  of  oil  separation  after 
storage  at  ^©®0.  Ho  off-odors  were  detected  in  the  product  after  storage. 

It  was  suggested  that  a  preformed  sleeve  of  the  ethyleellulose  composition 
might  allow  packaging  of  margarine  bars  while  avoiding  the  effect  of  high  coating 
temperatures  on  the  margarine.  Attempts  to  form  a  continuous  sleeve  of  the 
ethyleellulose  composition  ia  an  aluminum  mold  were  not  successful  because  -of 
the  poor  flowability  of  this  composition. 
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Coating  During  The  Terminal  Stage  of  Freeze  Drying 

Pieces  of  beef  and  chicken  were  coated  with  powdered  thermoplastic 
materials  and  freeze-dried  as  described,  The  fusion  of  powdered  lipid 
materials  on  meat  surfaces  did  not  result  in  formation  of  continuous  coatings. 
The  problems  encountered  with  this  approach  were  primarily  mechanical*  Sides 
and  bottoms  of  food  pieces  lying  on  trays  were  difficult  to  coat*  By  placing 
an  excess  of  thermoplastic  on  the  top  surface  of  food  ..pieces*  some  would  melt 
down  the  sides*.  High  ratios  ©f  coating  to  food  caused  difficulty  in  rehydrating 
the  partially  coated  food.  The  irregular  surface  of  freeze-dried  meat  em¬ 
phasized  the  problem  of  coating  filling  the  crevices  and  finding  its  way  into 
the  interior  portions  of  freeze-dried  meat  samples. 

Freeze-dried  meat  that  had  been  coated  with  Weedbee  S  hard  coating  butter, 
beeswax  and  Myvaeet  5-00  acetylated  monoglyceride  were  stored  at  50$*  75$  and 
98$  relative  humidities  at  23®C.  The  rates  of  moisture  uptake  under  these 
conditions  are  shown  in  Figures  %  to  0.  Since  the  ratio  of  coating  to  food 
could  not  be  closely  controlled*  results  are  reported  in  these  figures  on  an  ' 
as  is  basis.  Efcher  extraction  of  coated  samples  indicated  the  following: 


Coating  $  Ether  Extractibles 

Hone  7.1 

Myvaeet  5-00  37-7 

Weedbee  S  58.8 

Beeswax  43.6 


When  the  moisture  uptake  for  coated  freeze-dried  .meats  shown  in  Figures 
‘  6  to  8  are  corrected' for  the  weight  of  the  coating*  there  is  little  difference 
between  unseated -controls  and  coated  samples. 
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The  failure  of  this  coating  technique  can  be  attributed  to 
absence  of  a  continuous  coating*  Samples  of  meat  that  were  stained 
with  fluorescein  dye  prior  to  freeze-drying  and  coating  were 
observed  to  have  discontinuous  coatings  when  viewed  with  a  stereo 
microscope  under  ultraviolet  illumination. 


is 
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The  Effect  of  Gases  on  Moistur®:  Sorption  by  Freeze  Boded  Cfhieken  . 

The  work  of  Benson  and  coworkers^  demonstrated  that  both  polar  and  non¬ 
polar  gases  form  a  monolayer  on  protein  staff  aces*  Polar  gases  were  also 
strongly  bound  to  internal  polar  sites.  The  formation  of  chemical  bonds  was 
demonstrated  in  some  eases* 

An  objective  of  the  present  study  was  to  determine  if  treatment  of  de¬ 
hydrated  foods  with  polar  gases  would  provide  protection  against  adverse  en¬ 
vironmental  conditions.  Benson's  work  further  showed  that  steric  factors  were 
of  significance  in  determining  how  much  polar  gas  could  be  sorbed  by  protein* 
Larger  polar  gas  molecules  did  not  penetrate  the  protein  matrix  easily.  Thus, 
methylamine  is  not  sorbed  as  strongly  by  protein  as  is  ammonia  although  it  is 
a  stronger  base  than  ammonia*  Sorption  of  non-polar  gases  by  protein  is  essen¬ 
tially  reversible*  Sven  with  "irreversible"  sorption,  most  of  the  polar  gas 
could  be  removed  by  heating. 

The  requirement  of  edibility  severly  limited  the  choice  of  gases  in  the 

■  :  ■  \  ■  ■  ■  \  ‘  '  ...  ;  ■  .  ■ 

present  study.  Gases  chosen  for  study  include  hydrogen  chloride.  Freon  21 

•  *•••.  k  ,*•'*.  ‘  '  '  '  1  . 

( diehlorof  luoromethane )  and  Freon  C-3l8  (perf  luorocyolo'bufcane ) .  Freon  21  is 
tbe  most  polar  of  the  Freon  chemicals  now  available.  Freon  C--318  is  a  compact 

1  H  Srinivason  and  S  W  Benson,  J  Am  Chem  Soe  77,  6371  (1955);  78,  2405 
(1956);  78,  5262  (1956). 

S  W  Benson  and  R  h  Richardson  ibid  77,  2585  (1955)* 

S  W  Benson  and  D  A  Ellis  ibid  70,  3563  (1948);  7£,  2095  (1950)* 

J  H  Seehof  and  S  W  Benson  ibid  73,  5053  (1951) l  75,  3925  (1953)} 

77,  2579  (1955). 

S  W  Benson  et  al,  ibid  75,  6040  (1953);  72,  2102  (1950). 

J  M  Seehof  et  al,  ibid  75,  2427  (1953)- 
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cyclic  molecule  that  is  completely  fluoridated  and  non-polar.  It  was  felt 
that  Freon  C-318  might  penetrate  the  structure  of  the  protein  more  easily  than 
non- cyclic 'Freons* 

Benson  .showed  that  oxygen  covered  only  the  surface  of  a  protein*  hut  water 
vapor  was  sorbed  in  the  interior,  of  protein  molecules  as  well  as  on  the  surface. 


of  .gaseous' harrier s. 

A.  flask  containing 


a  diffusion  pump  to  strip  off  as  much  sorbed  gas  as  possible,  The  chamber  was 
then  brought  to  a  partial  pressure  of  200  mm  with  the  gas  under  study.  This 
pressure  represents  an  estimate  of  the  partial  pressure  necessary  to  obtain 
rapid  saturation  of  most  ©f  the  sorption  sites,  The  amount  of  gas  sorbed  by 


0as  treated  and  control  samples  of  freeze-dried  chicken  ■/ were  exposed  to 
50 $  R.E.  at  77®Fo  The  moisture  content  of  both  control  and  gassed  samples 
increased  nearly  50$  in  0.5  hours  (Table  7j>  Figure  9).  Moisture  contents  of 
9-11$  were  obtained  in  the  freeze-dried  chicken  after  2k  hours  at  5®$  R*H.  * 


A.  Storage  Conditions :  40°C.  48.®  *  ?$  K.S. 

Although  care  was  taken  to  prevent  moisture  uptake  by  food  bars  prior  to 
coating,  liable  8  indicates  appreciable  moisture  gain  had  occurred  prior  to 
coating.  Moisture  gain  was  difficult  to  prevent  since  the  coating  was  done 
in  Kingsport,  Tennessee  during  the  late  spring  and  early  summer  months  when 
relative  humidities  were  quite  high.  Freeze-dried  cottage  cheese,  chicken, 
orange 'Juice .  and.  applesauce  were  particularly  sensitive*  ■ 

Uneoated  products  with  initial  moistures  of  approximately  4.0$  lost  weight 
after  20  days  in  storage  at  4® ®0,  48.0$  RH,  while  samples  with  initial  moisture 
levels  below  2.0$  increased  in  moisture  from  2  to  4  times. 

Most  of  the  coated  food  bars  lost  weight  after  20  days  storage  (Table  8). 
Only  applesauce  and  chicken  and  rice  bars  increased  in  weight  after  20  days, 
but  the  latter  product  lost  weight  after  2  months  in  storage. 

The  data  shown  in  Table  8  indicates  that  the  coating  provided"  some  moisture 
barrier  protection -in  a  number  of  the  food  products.  Comparing  moisture  gains 
of  coated  and  uncoated  products,  and  allowing  for  the  difference  in  initial 
moisture  content,  applesauce,  chicken  and  rice,  chocolate  pudding  and  cottage 
cheese  show  lower  moisture  gains  among  coated’ than  in  uncoated  bars  after  20 
days  storage. 

The  protective  effect  of  the  ethyleelXulose  acetylated  monoglyceride  - 
calcium  stearate  coating  is  also  seen  in  a  comparison  of  moisture  contents  of 
the  food  bars  after  two  months  storage  (Table  8  }>'  Cottage;  cheese  and  non-fat 
dry  milk  and  chocolate  ■  pudding  showed  moisture-  increases,  but  the  final  moisture 
contents  of  5 » 22,  4.55  ^ud  1*86,  respectively,  are  not  excessive  in  view  of 
the  initial  moisture  levels  of  the  bars.  Both  chicken  and  rice  and  beef  stew 
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"bars  lost  moisture  after  two  months  storage  at  ^8$  R.H*  Mashed  potatoes 

and  cream  of  mushroom  soup  bars  also  decreased  in  moisture  content.  Moisture 
changes  in  coated  food  bars  may  have  been  contributed  to  by  small  slits  or 
cracks  in  the  coating,  such  as  was  encountered  in  coated  cottage  cheese  and 
non-fat  dry  milk  bars.  Moisture  may  also  have  been  lost  with  the  coating,  which 
was  stripped  off  prior  to  analysis. 

Oxidative  Deterioration 

Peroxide  values  and  total  carbonyl  compounds  in  stored  tmcoated  and  coated 
food  bars  are  given  in  Table  9*  The  uncoated  samples  were  stored  for  20  days 
while  the  coated  samples  were  evaluated  after  20  and  60  days  of  storage.  Ho 
peroxide  or  carbonyl  compounds  were  detected  initially  in  coated  and  uncoated 
food  bars.  While  the  data  are  too  limited  to  he  of  much  significance,  coated 
food  bars  tend  to  exhibit  higher  indices  of  oxidative  deterioration  than  do 
uncoated  bars.  One  explanation  for  this  trend  is  that  the  coating  may  have 
trapped  volatile  oxidation  products  in  the  bar  while  these  products  might  escape 
more  easily  from  imcoated  bars .  Another  cause  for  higher  levels  of  oxidation 
among  coated  bars  may  be  the  high  temperature  of  the  melted  coating  having 
accelerated  the  initiation  of  lipid  oxidation.  Past  cooling  of  coated  food  bars 
might  improve  their  oxidative  stability. 

Organoleptic  Evaluation 

Food  bars  prepared  with  the  Pillsbury-type  binder  described  above  evidenced 
fat  separation  under  the  coating.  Separation  was  most  pronounced  in  chicken 
and  rice  and  cream  of  mushroom  soup  bars.  Compression  of  beef  stew  bars  re¬ 
sulted  in  fat  pooling  in  pockets j  there  was  no  objectionable  oiliness  on  the 
product  surface,  however. 
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All  coated  samples  exhibited  varying  degrees  of  browning  after  2  months 
storage  at  kQ&Q,  kd<f>  R.f * .  After  20  days  storage  trader  these  conditions,  un* 
coated  samples  exhibited  a  lower  degree  of  browning  than  did  coated  samples# 
Applesauce  and  orange  juice  browned  so  badly  that  the  reconstituted  products 
were  unacceptable#  The  normal  flavors  of  the  latter  products  were  barely 
recognizable  after  2  months  storage*  Cottage  cheese  and  non-fat  dry  milk 
changed  in  color  to  dark  cream  or  light  tan  and  developed  an  off -flavor 
associated  with  stored  casein*  Beef  stew  did  not  show  marked  changes  in  color, 
but  the  flavor  of  rehydrated  beef  was  badly  oxidized*  fhe  flavor  of  the  veg¬ 
etables  in  beef  stew  did  not  change  appreciably  compared  to  an  uncoated  sample 
stored  at  room  temperature  * 

Chicken  and  rice  bars  were  fairly  acceptable  in, color  and  flavor  after  2 
months  storage  at  l0®C*  As  in  the  case  of  beef  stew  bars,  some  fat  pooling 
under  the-,  coating  was- evident* 

B.  Cycled  Storage  Conditions  -  -  - 

Food  bars  coated  with  etbylcelJLulose-aeetoglyeeride-calcium  stearate  com- 
position  were  stored  under  the  cycled  conditions  of  temperature  and  humidity 
previously  described*  Table  10-  shows  that  most  of  the  products  gained  high 
levels  of  moisture*  Within  a  week, .  the  coating  on  all  food  bars  had  split  or,  - 
peeled  off,  exposing  the  bars  to  the  conditions  in  the  environmental  chamber 
(Figure  10).  Food  bars  expanded  as  the  exposed  portions  absorbed  moisture.  In 
some  cases,  exposed  food  bars  completely  lost  their  structural  integrity* 

The  surfaces  of  coated  bars  blistered  after  first  being  placed  in  the 
cycled-  storage  conditions*  Blistering  is  ascribed  to  differences  in  the  rates 
of  moisture  sorption  by  sodium  caseinate  and  the  ethylcellulose  composition 


32 


and  the  resultant  greater  elasticity  of  the  sodium  caseinate  layer.  Batches 
of  ethyleellulose  composition  film  with  and  without  the  sodium  caseinate 
laminate  were  Stored  under  the  cycled  conditions  for  one  week.  The  film 
with  the  sodium  caseinate  laminate  had  blistered  and  the  edges  rolled  up. 

The  ethyleellulose  composition  alone  remained  smooth  and  flat  under  these 
conditions.  ],The  appearance  of  intact  coated  food  bars  is  shown  in  Figure  11 
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Table  1 

Compression  of  Pood  Blocks 


Food  Item 

Block  Wt  * 

Pressure 

PSI 

Dwell 

Sec 

Holding  Wt.  & 
Time  in  Min. 

Block 

Condition 

p 

Chocolate 

Pudding 

1.0  oz 

2000 

15 

10 

good 

Mushroom1 

Soup 

1.0  oz 

1500 

15 

10 

fairly  good 

Applesauce 

37*2  gms 

800 

20 

very  good 

2 

Orange  juice 

1*0  oz 

1100 

30 

10 

♦t  tt 

RF  dry  milk2 

22 . 7  gms 

1000 

30 

10 

good 

Mashed  potatoes1 

1.0  oz 

2000 

15 

10 

good 

Chicken  &  rice1 

30.0  gms 

1000 

30 

15 

good 

Beef  stew1 

1.0  oz 

1500 

30 

15 

fairly  good 

Cottage  cheese2 

1.0  oz 

1000 

30 

--  ‘ 

good 

Pillsbury  binder  added  at  20$ 

Evans  Research  binder  added  at  15$ 


34 


Table  2 


Reconstitution  of  Compressed  Pood  Bars 


Product 

wt. 

Water  Addition 

Recipe 

Mashed  Potatoes 

28.3  gms 

90  cc 

Add  water  hot.  Stir  until  smooth  and 
evenly  mixed. 

Applesauce 

37.2 

180  cc 

Add  cold  water.  Stir.  Bet  stand  10  min 
Record  time  for  complete  rehydration. 

Orange  juice 

28.3 

118  cc 

Add  cold  water.  Stir  until  mixed. 

KF  dry  milk 

22.7 

236  cc 

Add  cold  water.  Stir  until  dissolved. 

Cottage  cheese 

28.3 

90  cc 

Add  cold  water.  Stir  and  mix  to 
smooth  consistency. 

Beef  &  Vegetables 

28.3 

135  cc 

Add  water  hot.  Stir>  let  stand  for  30 
min.  Evaluate.  If  need  more  time  to 
rehydrate,  add  more  hot  water  and 
record  time. 

Chicken  &  rice 

32.0 

120  cc 

Add  water  hot.  pollow  same  as  in  Beef 
&  Vegetables. 

Chocolate  Pudding 

28.3 

130  cc 

Add  cold  water.  Stir  well  and  cook 
to  thichen. 

Cream  of  mushroom 
soup 

28.3 

180  cc 

Add  hot  water.  Stir.  Let  stand  for 
20=25  min.  Cook  to  thicken  if  needed. 
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Table  3 


Characteristics  of  Moisture  Barrier  Films 


Components 


Ratio 


Sickness  Tensile  lb/ 

mil  Strength  sq  in 


MVT  1 

g/sq  in/24  hrs 


Ethylcellulose- 

28.5? 

acetylated  mono- 

42.86 

1.0 

320-420 

2. 0-4.0 

0.492 

glyceride-  calcium 

28.57 

stearate 

42.86 

42.86 

1.0 

640-655 

3- 5-4. 5 

0.508 

14.28 

37.0 

(Hot  Melt) 

48.0 

4.0 

370-430 

17.0-19.0 

0.149 

15-0 

Ethylcellulose- 
calcium  stearate 

75-0 

25.0 

1.5 

4050-4480 

3.2-3- 5 

0.676 

50.0 

0.6 

1410-1525 

1.2-1. 3 

0.467 

50.0 

Fthylcellulose- 

75-0 

1.0 

5160-5220 

19.5-24.5 

0-539 

ainylose  laurate 

25.0 

38.5 

61.5 

1.0 

3320-3680 

6.0-12.5 

0.537 

Table  h 


Film  Components 


Ratio  of 
Comp  $ 


Cbaracterist 


Film 

Thickness 


mil 


Sodium  caseinate 

15 

glycerol-water 

5.0 

100 

15 

1.7 

a.-5 

100 

15 

3.5 

1.25 

100 

4.0 

Sodium  caseinate- 

l4.0 

gelation-glycerol- 

1,0 

water 

1.25 

100 

1-5 

Ethylcellulose- 

42.86 

acetylated  mono- 

42.86 

1.0 

glyceride  -calcium 
stearate 

14.28 

37.0 

(Hot  Melt) 

48.0 

15.0 

k.o 

Ethylcellulose- 

75 

1.0 

calcium  stearate 

25 

Ethylcellulose 

75 

2.0 

amylose  laurate 

25 

of  Oxygen  Barrier  Films 


31)6 

59.556 

96.056 

(334  hrs) 

1.0)6 

1.0)6 

5-6)6 

(250  hrs) 

233 

2.556 

M)6 

6.2)6 

(144  hrs) 

Film  split  before 
equilibrating 

Film  dried  out  and 

after  18.2  hrs 

cracked 

.  - 

77.056 

99-0)6 

(388  hrs)  : 

21.0)6 

30.4)6 

67-7)6 
(367  hrs) 

20,200 

87.056 

88.5)6 

98.5)6 
(388  hrs) 

• 

78.5)6 

86.5)6 

99-0)6 
(388  hrs) 

j  ' 

Time,  hrs 

Moisture  H>tak 

23*0-5°$  HH 

Tabls  5 

is  by  Sodium  caseinal 

23°C-75$  HH 

;e  Film1 

23*C-98fJH 

0 

O.6916  gra 

0.6197  gm 

0.7659  gm 

5.5 

0.TO88  gm 

0.6760  gm 

0.9250  gm 

22.0 

©.7135  gm 

0.8210  gm 

1*3533  gm 

9^.0 

0.7131*  gm 

0.8198  gm 

(1.U606)2 

'  i'-V  if  -Hi-  ~  ■  •  .*■'  ■*  /•ft*/ 

Film  contained  7o7?>  HgO  an 

2  Mold  growth. 

d  *  •  glycerol . 

Table  6 

Sorption  of  Gases  by  Cooked,  Freeze-Dried  Chicken  Chunks 


g  gas  sorbed 

meq  gas  sorbed 

Gas  sorbed 

g  meat 

g  meat 

Hydrogen  chloride 

0.0405 

1.11 

Di chlor  of  luoromethane  (Freon  21) 

0.0655 

0.636 

Perfluorocyclobntane  (Freon  C-318) 

0.0929 

0.1*36 

Table  7 

Sorption  of  Water  Vapor  by  Cooked,  Freeze- Dried  Chicken  Chunks 
Treated  With  Polar /and  Bpn-Polar  -Gases' : 

#  Moisture  in  Chicken  Meat  Treated  with: 


Time  (hoars) 

Control 

Freon  21 

Freon  0-318 

Hydrogen  Chloride 

0 

0.5 

7179 

4.86 

4.62 

6.74 

3.36 

5.51 

3.76 

6.47 

2 

6.25 

6.20 

7.69 

6.62 

4 

8.60 

7.60 

5.60 

6 

9-23 

7.97 

9-34 

9.04 

24 

9.64 

10.65 

9-73 

8.82 

48 

9.96 

10.45 

11.88 

9.35 

72 

- 

8.55 

- 

40 


Table  8 

Storage  Studies  on  Food  Bars  at  40°C, 

48$  RH 

Food  Product 

;  r  ^  tJhcoated 

Initial  20  day  storage 

i  _ i _ 

Coated 

Initial  20  day  storage 

i _ f _ 

Orange  juice 

1.85 

3.76 

I+.78 

3.85 

Applesauce 

1.86 

9.13 

4.51 

8.57 

Cottage  cheese 

0.89 

2.96 

3.51 

2.17 

Mashed  potatoes 

4.08 

3.36 

5.33 

4.20 

Chicken  &  rice 

1.95 

4.71 

5.05 

6.53 

Beef  stew 

4.16 

3.04 

^95 

3.23 

Chocolate  pudding 

1.16 

6.29 

1.32 

0.94 

Mushroom  soup 

1.17 

3.19 

k.bj 

KF  Dry  milk 

3.96 

2.34 

*k!3 

After  2  months  in  storage 


Final 

2.40 

8.16 

5.22 

4.84 

4.55 

3 -Ok 
1.86 
4.12 
4.55 
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Table  9 


Oxidative  Stability  of  Pood  Bars  Stored  at  40*0^  48#  RE 


Uhcoated 


Coated 


Food  product 

£&rckide 

Value  meq/kg 

Carbonyl 
Compds  $> 

peroxide  Value 
20'days  60  days . 

Carbonyl  Compds 
20  days  60  d 

Cottage  cheese 

Mashed  potatoes 

1.0 

0.0 

0.01 

0.01 

0.0  0.0 

0.0 

0.02 

0.0 

0.05 

Chicken  &  rice 

0.0 

0.02 

3*61 

- 

0.06 

Beef  stew 

3*9 

0.02 

11.0 

0.04 

- 

Chocolate  pudding 

0.0 

0.0 

0.0 

0.0 

- 

Cream  of  mushroom  soup 

0.0 

0.01 

0.0 

-m- 

0.05 

Data  on  food  bars  stored  for  20  days* 


Table  10 

Moisture,  Peroxide,  and  Carbonyl  Values  in  Coated  Pood  Bars 
Stored  at  Cycling  Temperatures  of  -18°C  to  40°C  for 


30  Days 

HjgO, 

Initial 

i 

Final 

Peroxide 

meg/kg 

Initial  Final 

Carbonyl 

Initial 

i 

Pinal 

Orange  juice 

4.78 

11.23 

— 

— 

Applesauce 

4.51 

■  — 

—  .  — 

— 

— 

Cottage  cheese 

3-51 

13.15 

0  0.80 

0 

0.03 

Mashed  potatoes 

5-33 

— 

0 

0 

— 

Chicken  &  rice 

5-05 

24.09 

0  0 

0 

0.05 

Beef  stew 

4.95 

19. 07 

0  2.85 

0 

0.02 

W  Dzy  milk 

-- 

7.51 

— 

-*• 

— 
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